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MaCAT2. The deduced amino acid sequence
indicated the presence of a catalase activity
motif (FARERIPERVVHARGAS) with a
conserved Histine 65; and a catalase heme
bind site (RVFAYGDTQ) which contains a
conserved tyrosine 348

Figure 3.4.2.1  Differential accumulation of the MaCat2 67
transcripts in banana fruits in response to low
temperature. A) Chilling injury symptoms after
of 8 hours to low temperature treatment in
banana fruits using 10°C or 23°C (room
temperature). B) Northern-blot analysis of total
RNA from the banana peel or banana pulp
treated at 10°C or 23°C. The blots were
obtained and they were hybridized to MaCat2
probe. C) Semiquantitative RT-PCR using
specific primers for the MaCat 2 gene. Banana
fruits were treated at 10°C or 23°C. mRNA
was extracted for each stress treatment and
RT-PCR reaction was carried out. Specific
primers for the 18S gene were used as control.
D) Different stresses produce a differential
accumulation of the MaCat2 transcripts in
banana fruits. Banana fruits were submitted at
different stress and total RNA was isolated
from each treatment; and they were blotted
onto a nylon membrane and hybridized with
the MaCat2 probe. C) Banana fruits without
treatment; M) Maturation process; MD)
Mechanic damage and HT) Heat temperature.

Figure 3.4.2.2  Northern-blot analysis of total RNA using 68
different tissue of banana plant. A) Banana
plants were treated at 10°C or 23°C. Total
RNA was isolated from each treatment; and
they were blotted onto a nylon membrane and
hybridized with the MaCat2 probe. C) Banana
plants without treatment; L) Banana leaves,
PS) banana pseudostem; CM) Corm; R)
Banana roots. B) Semiquantitative RT-PCR
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SUMMARY

Bananas and Plantain are very important crop national and international
for their Wide consumption in the man’s diet; as all crops, bananas are
attacked by different pathogens and physiologic damage at pre- and
post harvest, likewise bananas are susceptible to the changes of
temperature especially to low temperatures, these damage as called
Chilling Injury (Cl), this damage decrease the quality of the fruit and
these lose commercial values as well as their main organoleptic and
visual properties and decrease earnings of producers. In this work were
study genetic expression banana fuits exposed to low temperatures.
Using Differential display were obtain 105 fragments that turn-on or
increase expression al low temperature in banana fruits “Grand Nain”;
fragments20-1C (Lectin), 2-1C (Chitinase) and 17-3C (MaCat2,
Catalase) they were important fot this study, this fragments showed up
regulated to low temperature. On the other hand the sequence 17-3C
showed homology with a catalasa tipe |l of Zantedeschia aethiopica
Cat2, both sequences located in same Phylogenetic clade. Expression
analysis suggest that MaCat2 up regulated to low temperature and
mechanical damage, this differential expression of MaCat2 you also
presents in leaves of banana plants exposed to 10 °C, and not in
banana roots in response to low temperature. On the other hand were
identifying two copies of this gene in Banana genome. The data found
in this work suggest a change in genetic expression of banana fruits
exposed to low temperatures. These fruits response to low temperature
turn on genes related with oxidative stress, maturation and cellular
communication, as well as antifreeze molecules and pathogens attack,
this results show Crosstalk between signaling and response of plants to
stress.
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plantas incluyen cambios en la bioquimica y biofisica de las
membranas, en la sintesis proteica, modificaciones conformacionales
en enzimas, en la ultraestructura de mitocondrias y cloroplastos
(Kratsch y Wise 2000) y en los metabolismos fotosintético y respiratorio
(Nilsen y Orcutt 1996) ademas de la disminuciéon del crecimiento y
alteraciones en el desarrollo (Allen y Ort 2001). Es importante destacar
que el estrés por bajas temperaturas es un sindrome complejo y
dificiimente puede ser separado completamente de otros tipos de
estrés, es frecuente observar déficit hidrico asociado a las bajas
temperaturas. Este fenémeno puede tener diversas causas, entre
otras, la disminucion de la conductividad hidraulica de las raices y
alteraciones en el grado de control estomatico (Allen y Orr 2001)
conduciendo a un desbalance entre captacion de agua y transpiracion.
La variabilidad en el grado del dafio también puede observarse a nivel
celular, donde unos componentes son mas danados que otros. Se ha
senalado que los cloroplastos parecen ser los organelos mas sensibles
a las bajas temperaturas (Nilsen y Orcutt 1996). Del dano por bajas
temperaturas a nivel de fruto aun se sabe poco por lo que este trabajo
decidimos estudiar frutos de banano cv Enano Gigante expuestos a
bajas temperaturas.












(llamada coloquialmente como pulpa); las cuales gradualmente se van
engrandando hasta observase la cascara del fruto totalmente
ennegrecido y café en lo que respecta la pulpa, acompanado de un
ablandamiento de las mismas.

Los bananos y platanos son plantas tropicales que son afectados por
las bajas temperaturas a nivel de pre y post-cosecha ocasionandole
diversas afectaciones fisiologicas. A nivel de pre-cosecha en los meses
correspondientes al periodo de inviermno, en las plantaciones las
temperaturas pueden descender a 10 °C o menos, (SAGARPA, 2002)
lo gue ocasiona que las plantas pierdan su actividad vegetativa, sufran
dafos a nivel de membrana, etc; ocasionando la susceptibilidad de los
cuitivos a ser atacados por patégenos oportunistas. Los frutos también
son afectados y muestran ciertos desordenes fisioldgicos como por
ejemplo, la maduracién irregular y cambios en su coloraciéon también
llamado “acanelamiento”, ocasionados por la exposicion a bajas
temperaturas entre los 10-14 °C (Figura 1.1.1).

Este padecimiento fisiologico de los frutos también puede aparecer a
nivel de post-cosecha cuando los frutos son transportados o
almacenados en camaras con temperaturas por debajo de los 14 °C.

Figura 1.1.1. Acanelamiento en frutos de banano cv Enano Gigante.

1.2 TRANSDUCCION DE SENALES EN RESPUESTA A BAJAS
TEMPERATURAS

Las temperaturas extremas son factores limitantes para Ila
sobrevivencia y desarrollo de las plantas. Cuando un fruto o una planta
son sometidos a bajas temperaturas (temperaturas que no llegan ha
estados de congelamiento) la primeras se estructuras celulares que
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la cual puede deberse a la activacidon del catabolismo de los
fosfolipidos causando la generacion de acidos grasos libres en la
membrana, los cuales se acumulan y provocan el cambio de fase
liquido cristalino a fase de gel en las membranas. En la actualidad se
ha demostrado que el contenido de acidos grasos polinsaturados en la
membrana celular, permite que las plantas adquieran cierta tolerancia a
la presencia de bajas temperaturas (Michinaka et al., 2003; Heppard et
al., 1996; Cahoon et al.,1997; Gibson et al., 1994; Miquel et al., 1993;
Murata et al., 1997; Yabad et al, 1993); estas insaturaciones se
producen por la catalisis de las enzimas desaturasas. Miquel et al,
(1993) encontraron estudiando una mutante de Arabidopsis que no
expresa el gen que codifica para una desaturasa denominada fad2-2,
que el contenido bajo de acidos grasos polinsaturados en la membrana
causa una inhibicién en el crecimiento de la planta a 12 °C, asi mismo
Gibson et al, (1994) demostraron que el gen fad8 que codifican para
una desaturasa en Arabidopsis thaliana, incrementa su actividad -3
desaturasa a bajas temperaturas (figura 1.2.3).

Otras evidencias experimentales indican que las temperaturas
extremas impiden la utilizacion del poder reductor durante la
fotosintesis y por ende, promueven el estrés fotooxidativo. Se ha
demostrado que los tilacoides de plantas sensibles a bajas
temperaturas producen el radical sUper oxido (O;) en mayor
proporcién que las plantas que tienen la capacidad de aclimatarse a un
ambiente adverso. Las Especies Reactivas de Oxigeno (ROS por sus
sigla en ingles) producidas durante el estrés por bajas temperaturas
provocan la peroxidacion de los lipidos y una alteracion en los sistemas
antioxidantes de estas plantas (Polle, 1997; Pakin et al., 1989).

El Cl es mediado, en parte, por los radicales libres de oxigeno como
agentes que causan dafos secundarios a las membranas y a los
fotosistemas. La activaciébn de oxigeno por los fotosistemas en
presencia de un exceso de luz es posiblemente el principal sitio de
produccion de radicales libres en hojas; existe evidencia experimental
que indica que la mitocondria es la principal fuente de superdxidos en
tejidos de plantas sensibles a bajas temperaturas (Purvis et al., 1995).
Como se mencioné las ROS causan dafo a nivel membranal y
proteinico (Susuki y Mittler, 2006). Estas ROS actdan también como
moléculas de senalizacion, por lo que se requiere la existencia de un
balance de generacion de ROS en la célula; en la Figura 1.2.2
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genes RD, COR, KIN y LT1; mientras que los genes de respuesta
temprana, a menudo su expresidn es ftransitoria (como ejemplos
podemos mencionar a factores de trascripcion tales como DREBs y
CBF (Puebla y Del Viso, 2004) (Figura 1.2.4.).

En cuanto a los genes de respuesta temprana podemos mencionar los
trabajos realizador por Sung et al. (2003) y Provart et al. (2003), en
donde estos autores reportan diversos genes que codifican para una
gran gama de factores de transcripcién que confieren tolerancia a las
plantas a un descenso de temperatura y sequia (ver tabla 1.2.1).
Provart et al., (2003), encontraron 634 diferentes genes que responden

alas | =~ f~mommtems s~ madininan an al matahglismo de los
lipidos Jxificacion de
radical 13) reportaron
diverst i un descenso
de ter CPPK (Ca*-
depenueiit LIu NHESBD) 3 i s esee e —— .- 5f__PidOS, etc.
(ver tabl:

En plantas a la fecha no se rnnoce la presencia us proteinas
receptor: istén captando v uwansmitiendo los estimulos causados
por las teimpeiaiuras bajas; s.. embu.go se piensa que *=! vez estas
proteinas receptoras podrian ser similares a la histidina cii  3a (HIK33)
reportada en Syr--t-~*~ ~n~ la ~ual nnenaa la rarg  ristica de
fosforilarse a nive u iona como
sensor del estimt , wctivando la
expresion de ciertos genes taies cuinu 1a ivaun usaiurogensa, ARN
helicasa dependiente de ATP, etc. (Susuki et al., 2000).

Asi mismo se sabe que al someter plantas a Cl se activan varias
moléculas de sefalizacién asociadas a la membrana como son, la
fosfolipasa D y C (PLD y PLC respectivamente), proteinas G
heterotrimericas y proteinas cinasas. Ruelland et al. (2002)
demostraron que PLD y PLC estan involucradas en la respuesta de
plantas a bajas temperaturas; PLD hidroliza fosfatidil colina para liberar
acido fosfatidico y colina, este acido fosfatidico posiblemente actua
indirectamente como un ionoforo de canales de Ca®* (Buchanan et al.,
2000, Munnik et al., 1998); por su parte PLC utiliza el fosfatidil inosistol
bifosfato (PIP,;) de la membrana como sustrato dando lugar a dos
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proteina que posee un dominio de dedos de Zn (ring finger protein).
Este dominio de dedos de Zn posiblemente sirve de uniéon a un
complejo de enzimas que se conjugan a ubiquitina E3, lo cual sugiere
que participan en la degradacién de proteinas como CBF 2 y 3. Por
otra parte, Chinnusamy et al (2003), encontraron que la proteina ICE
(Inducer of CBF Expresién 1) es activador transcripcional de los genes
CBFs. ICE1 codifica para un factor de transcripcion helix-loop-helix
basico similar a MYC; estar factor de transcripcion se une a la
secuencia de reconocimiento MYC activando al promotor CBF3.
Muchos de estos genes que se mencionaron, actualmente se piensan
que estan actuando de igual manera en rutas de sefalizacion activadas
por estrés a fri6 o estrés hidrico. Por lo que se piensa que estos
elementos o genes posiblemente sean sitios de convergencia de
senalizacion (cross-talk) (Chinnusamy et al., 2003).

Entre los genes de respuesta tardia podemos mencionara a las
proteinas de choque térmico (HSP), que funcionan como protectores
de las células contra el daino térmico (Puebla y Del Viso, 2004) asi
mismo podemos mencionar a las enzimas PPO (Poly Phenol Oxidase)
y PAL (Phenyl Ammonia Liase) (Goldman et al., 1998, Gooding et al.,
2001, Nguyen et al., 2003) entre muchas otras.
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Tabla 1.2.1. Genes reportados relacionados con la tolerancia a las bajas
temperaturas, tomado de Sung et al., 2003.

GEN PLANTA FUNCION
SOCF-1 Arabidopsis Factor de transcripcion
OsCDPK7 Arroz Transduccion de sefiales
frs1 Arabidopsis Biosintesis de ABA
Glutamina sintasa Arroz Metabolismo de aminoacidos
betA/betB Tabaco Biosintesis de betaina
ALA1 Arabidopsis Metabolismo de fosfolipidos
Glicerol-3-P-acil Arrc= Metabolismo de fosfolipidos
trasferasa
Glicerol-3-P-acil Tat Metabolismo de fosfolipidos
trasferasa
MnSOD Mai~ Metabolismo de Especies reactivas de
L oxigeno
Catalas. Tab_ . Metabolismo de Especies reactivas de
oxigeno
Fe-SOD Tabaco Metabolismo de Especies reactivas de
oxigeno
[cAX1 | Arabidopsis | Transporte de iones |
Los estudios anteriores ¢ ~r*-== mue distintos cultivares sometidos
a un descenso de tem...... Jca en sallne cambios a nivel
fisiolégico, bioquimico y genético; por lo yresante abordar
este problema utilizando difer-=*~= técnice ‘es para estudiar

los cambios a nivel genétic., oMo sOI wwnuwous Substractivas,
Microarreglos y Despliegue Diferencial por mencionar algunas. De las
antes mencionadas, en este trabajo se utiliz6 el despliegue diferencial
para identificar los genes que se expresan o se reprimen en el proceso
fisiologico conocido como “acaneiamiento” en frutos de banano cv.
“Enano Gigante”.

1.3 DESPLIEGUE DIFERENCIAL

El despliegue diferencial es un método que fue desarrollado por Liang y
Pardee (1992); este método ha sido utilizado durante los tGitimos quince
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CAAAAAAA.
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ANTDe

AAGOTTGATTGOC

Gel de Poliacrilamida Desnaturalizante l
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Electrodo (-)

BlInE

NERIRE

Electrodo {+)

Figura 1.3.1. Representacion esquematica de la técnica de Despliegue Diferencial

1.4HISTORIA, ORIGEN Y TAXONOMIA DE LOS PLATANOS Y
BANANOS

Los bananos y platanos son plantas herbaceas de la clase
monocotiledéneas con pseudotallos aéreos (Soto-Ballesteros, 1985)
que alcanzan una altura entre 3.5-7.5 m (May et al., 1995), se originan
de cormos carnosos de los cuales se desarrollan numerosas yemas
laterales e hijos (Soto-Ballesteros, 1985), los racimos de frutos son
extremadamente polimérficos; puede contener de 5 a 20 manos, cada
uno con 2 o 20 frutos de 6 a 35 cm de largo y de 2.5 a 5 cm de
diametro aproximadamente, variando el tamaiio del fruto en funcion del
grupo gendmico, numero de hojas y area foliar; estos frutos son bayas
con pericarpio; las variedades diploides poseen frutos que contienen
una masa de semillas negras y duras rodeadas por una pulpa dulce la
cual crece hasta que la fruta se orienta hasta abajo; en cultivares
triploides la ausencia de semillas se debe a genes de esterilidad
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1.8 JUSTIFICACION Y OBJETIVOS
1.8.1 JUSTIFICACION

Los bananos y platanos son plantas tropicales afectadas por bajas
temperaturas (14 °C o menos); en México en el periodo Diciembre-
Febrero se han reportado temperaturas de hasta 8 °C en las regiones
productoras (SMN, 2006), las cuales afectan estas plantas
disminuyendo su tasa de crecimiento y aumentando su mortalidad. Por
otro lado, los frutos que son expuestos a estos descensos de
temperaturas presentan varios desordenes fisiologicos entre los que
podemos mencionar un aumento en la produccién de etileno, un dafo
a nivel membranal y la activacion de ciertas enzimas oxidantes
(Acanelamiento), disminuyendo de esta manera la produccién y la vida
de anaquel de dichos cultivos . Una manera de afrontar este dano por
bajas temperaturas es colocar bolsas de plastico a los racimos de
platanos (Com. Per.) o aplicar fertilizantes a base de betainas que
cubren las hojas y frutos, sin embargo, esto no resuita ser eficiente
para evitar por completo el dano, aunado a la elevacion de los costos
de produccion por la aplicacién de estos productos.

En la actualidad en Honduras existen varios cultivares (hibridos FHIA)
mejorados por genética tradicional resistentes a varias pestes y
enfermedades de importancia econdmica, entre los que se encuentra a
la sequia y las bajas temperaturas, sin embargo estos cultivares
presentan la desventaja de tener un sabor no aceptado por los
consumidores, por otro lado su vida de anaquel es muy corta lo que
impide su exportacion (FHIA, 2006).

Otra manera de solucionar este problema es tratar de obtener
cultivares genéticamente modificados para aumentar la tolerancia al
estrés; sin embargo primero se debe conocer los aspectos moleculares
implicados en este padecimiento, para poder utilizar esta herramienta
en el mejoramiento genético de los cultivares de banano.

Debido a la problematica que sufre este cultivo y el poco conocimiento
acumulado hasta el momento en el estrés a bajas temperaturas en
frutos de banano, en este trabajo se propone aislar y estudiar genes
que se expresan o se reprimen, durante un estrés a bajas
temperaturas, para poder entender parte del proceso molecular que
ocurre en este padecimiento y en un futuro utilizar este conocimiento
para la obtencién de plantas tolerantes a un descenso de temperatura;
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ripening, pitting, water-soaked areas and increased susceptibility to
fungal infection occur (Sharom et al, 1994). Cellular membrane
damage is a typical symptom that occurs during early low temperature
injury (Marangoni et al., 1996). It has been reported that the browning
(low temperature injury symptom) in banana peel is caused by the
oxidation of polyphenols caused primarily by polyphenol oxidase (PPQO)
(Yang et al.,, 2000). Nguyen Thuy et al. (2003) report that when the
banana fruits are exposed to low temperatures, an increase activity of
both phenylalanine ammonia lyase (PAL) and PPO occurs (Nguyen
Thuy et al., 2003). In low temperature sensitive plants oxidative stress
is a major component of chilling stress and active oxygen species
(AOS) such as hydrogen peroxide, superoxide radicals and hydroxy!
radicals that can react very rapidly with DNA, lipids and proteins
causing severe cellular damage (Van Breusegem et al., 1999). Many
genes induced by stress have been identified to be essential for stress
tolerance, which included genes of lipid metabolism, chloroplast
function, free radical detoxification, etc. (Provart et al,, 2003). Many
important crops and fruits are injured by exposure to low, nonfreezing
temperatures in the range of 0-12 °C. The effects may be multigenic
and the molecular mechanisms are not well understood. Low
temperature injury also limits the extended life storage of many
vegetables and fruits (Jiang et al., 2004; Ratule et al., 2006; Wang et
al., 2006; Sanchez-Ballesta et al., 2003; Trakulnaleumsai et al., 2006).
In tropical and subtropical fruits the damage caused by low temperature
stress as surface discoloration where the subepidermal tissues reveal
dark-brown streaks and pulp browning are well documented among
several physiological symptoms (Kader A., com pers; Jones, 2000);
however, the genes involved during this type of stress are unknown in
banana fruits. Therefore, in order to elucidate the molecular
mechanisms underlying the low temperature response genes of banana
fruits, we first used mRNA differential display (DD) to search for
differentially expressed genes during the low temperatures process.
This allows a first step in defining some of the players involved directly
and indirectly in the response of the fruit to an adverse low temperature
injury. The effect of low temperatures result in severe losses for the
banana producers during winter cold spells in the tropics. Therefore this
work is a first attempt to define the genes expressed under low
temperatures.

42






of 4 M and the samples were incubated for overnight, centrifuged for 45
min as indicated above at 4 °C. The peliets washed with 70% EtOH,
and resuspended with nuclease free-water.

2.3.3. mRNA DIFFERENTIAL DISPLAY

mRNA differential display was carried out as is described in the
handbook of GeneHunter Corporation (1997). Total RNA of four fruits
were quantified and pooled, to realize DD. Total RNAwas treated with
Dnase | (Invitrogen) and used for reverse transcription. For each
sample, three reverse transcription reactions were set up, containing
one of the three different HT11M primer (where M can be A, C or G)
anchored to the beginning of the poly(A+) tail. SuperScript Il reverse
transcriptase (Invitrogen) was added after pre-incubation for 5 min at 65
°C and for 2 min at 42 °C. Reverse transcription was performed by
incubation at 42 °C for 50 min, then was stopped by inactivating the
SuperScript Il reverse transcriptase for 15 min at 70 °C. Polymerase
chain reaction (PCR) amplification of each reverse transcription
products was carried out in combination with one of eigth arbitrary
primers. PCR was carried out in a thermal cycler (Techne TC-412)
under the following conditions: 1 cycle of 94 °C for 30 s; 35 cycles of 94
°C for 30 s; 40 °C for 1 min; 72 °C for 30 s and a final extension at 72
°C for 15 min. The amplified cDNAs were separated by denaturing
polyacrylamide electrophoresis using Bio-Rad Sequi-Gen1 GT Nucleic
Acid Electrophoresis Cell (Bio-Rad). 10 ml of each PCR sample was
incubated with 3 ml of loading dye at 95 °C for 5 min immediately,
cooled on ice and loaded in gel of polyacrylamide. Amplified fragments
were visualized by a silver stain.

2.3.4. SILVER STAINING

Silver Staining basically performed as describe previously by Bassam
et al., (1991). With the following modifications; the gel was fixed with
10% acetic acid (v/v) and stained with 3% silver nitrate activated with
0.15% formaldehyde for 30 min and development with 3% sodium
carbonate, 2% sodium thiosulfate and 0.15% formaldehyde. The
reaction was stopped with 10% acetic acid (v/v).
























control gene (data not shown); as comparable with other methods of
total RNA extraction of climacteric fruits, For example, the work of
Medina-Escobar et al., which reported the isolation of total RNA from
strawberry fruits (Medina-Escobar et al., 1997). This RNA was used to
identify differentially expressed genes during its ripening process. DD
was carried out and differential expressed fragments were obtained
(Fig. 2.4.2.1.). We can mention specifically the fragment 20-1C that is
expressed differentially in peel of banana when it was treated under low
temperatures, (see Fig. 2.4.3.1. A), however, in Northern hybridization
we only detected the signal in banana pulp (see Fig. 2.4.3.2.). The
fragment 20-1C has 98% of identity with Musa acuminate ripening-
associated protein (Clendennen and May, 1997) and its sequence has
a lectin motif. It is known that lectins may be involved in the recognition
between cells or cells and various carbohydratecontaining molecules
(Gouget et al., 2006) and appear to play an important role in the
defense mechanisms of plants against the attack of microorganisms,
pests, and insects (Saha et al., 2006). Furthermore, fungal infection or
wounding of the plant seems to increase lectins (Clendennen and May,
1997). Another fragment found by DD technique is the fragment 2-1C
that shows a 98% of homology to a banana chitinase. This gene is
related to damage caused by insects or fungi attack, nevertheless it has
been reported that this enzymes can work like antifreeze due to the
capacity to slow down extra cellular rice formation (Hon et al., 1995;
Antikainen et al., 1996; Griffith et al., 1997). The results show an
increase expression in pulp and peel of banana fruits upon treatment
banana fruits, suggesting that these genes are upregulated during low
temperature injury. On the other hand the sequence of fragment 17-3C
shows a 77% of identity to a catalase of Brassica juncea. Together with
superoxide dismutase and hydroperoxidase, catalase is part of a
defense system for scavenging superoxide radicals and
hydroperoxides. Catalase is required to dismutate H202 produced
during the peroxisomal oxidation of glycolate to glyoxylate, an
intermediate step in the photorespiratory pathway (Frugoli et al., 1998).
In the case of banana pulp we could not identify similar sequences from
the gene database. Hybridization experiments (Dot blotting and
Northern blot) suggest that the expression are specific to pulp and peel
at low temperature (see Figs. 2.4.3.1. and 2.4.3.2.) and it is not found in
other kind of stress as is wounding stress or fruit ripening (data not
shown). The entire sequence fragment isolated from the pulp had no
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three in tobacco (Havir and McHale, 1987), five each in spinach
(Galson et al.,, 1951), maize (Williamson and Scandalios, 1992), and
cotton (Ni et al., 1990), to as many as 12 in mustard (Drumm and
Schopfer, 1974). Small families of catalase genes have been described
for castor bean (Suzuki et al., 1994), N. plumbaginifolia (Willekens et
al., 1994a, 1994b), and maize (Scandalios, 1987, 1990). To date, three
distinct Arabidopsis thaliana catalase genes have been isolated using
different approaches. The first, Cat2, was identified by screening a
cDNA expression library with antibodies to pumpkin catalase (Chevalier
et al., 1992). The second, Cat3 (previously called Cat1), was identified
in the Arabidopsis EST database by sequence homology to Cat2
(Newman et al., 1994).

Catalase from plants are differentially regulated depending the type of
tissues or the stage of development, as well as by a variety of
environmental stresses (Esaka et al., 1997; Mcclung, 1997; Scandalios
et al.,1997; Willekens et al., 1994a; 1994b; Yi et al., 2003). The
presence of multiple isoforms, and their complex regulation, suggest
that each of isoform plays a different role. The catalase isoforms
encoded by Nicotiana plumbaginifolia Cat1 are thought to play a
photorespiratory role in leaves (Willekens et al., 1994a; 1997), and it
has been suggested that Arabidopsis Cat2 plays a similar role, as it has
a similar expression pattern to N. plumbaginifolia Cat1 (Frugoli et al.,
1996). Two tobacco catalases are regulated by salicylic acid (SA), a
well-known regulator of catalase gene expression, while rice has an
SA-insensitive catalase (Chen et al., 1997; Durner and Klessig, 1996);
SA-sensitive catalase also indicates its involvement in systemic
acquired resistance to pathogens (Chen et al., 1993). In Capsicum
annuum and Triticum aestivum there is evidence that Cat?7 and Cat2
were regulated differently during the circadian rhythm or for a severe
drought treatment (Luna et al., 2005; Lee and An, 2005). In chilling-
sensitive plants oxidative stress is a characteristic symptom, active
oxygen species (AOS) such as hydrogen peroxide (H>0>), superoxide
radicals ("O2) and hydroxy! radicals (OH °) is generated and these can
react very rapidly with DNA, lipids and proteins causing severe cellular
damage (Van Breusegem et al., 1999). In plants excessive production
of AOS is an intrinsic characteristic of the stressed metabolism under
abiotic stress as is the case of low temperature damage (Apel and Hirt
2004). If growth and development take place at below-optimum
temperature, several important life functions will suffer inhibition,
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temperature 45°C for 8 hours and maturation. Banana fruits (pulp and
peel) were collected and frozen in liquid nitrogen. Likewise 6 month old
banana plants were used as a source for the different tissues (Leaf,
pseudosteam, corm and root). These plants were incubated to 10 °C for
24 h, and the vegetative material were collected and frozen in liquid
nitrogen.

3.3.2. TOTAL RNA EXTRACTION

Total RNA was obtained according to the protocol proposed by Medina-
Escobar, et al., (1997). Briefly, 2 g of fruit tissue (peel or pulp) were
frozen in liquid nitrogen and ground. The ground material was
homogenized in 10 ml of RNA extraction buffer (100 mM Tris-HCI pH 8,
50 mM EDTA pH 8 and 500 mM NaCl); 1.4% B-Mercaptoethanol and
2% SDS and the homogenized was incubated for 15 min at 65°C. After
of this incubation, 1.5 M potassium acetate was added to the mixture,
and the samples were incubated for 10 min at -20°C; the supernatant
was obtained by centrifugation for 30 min at 4°C. The aqueous phase
was recovered, and the total RNA was precipitate by addition of one
volume of isopropanol; the samples were incubated for 1 h at -20 °C
and centrifuge for 30 min at 4 °C. The pellets were resuspended with
TE (100mM Tris-HCI pH 8, 50 mM EDTA pH 8), and 300 mM acetate
sodium and 50 % isopropanol was added to the mixture; the samples
were incubated overnight at -20 °C and centrifuged; the pellets were
washed with 70 % EtOH, centrifuged and resuspended with nuclease
free-water.

3.3.3. ISOLATION OF THE 5' END OF CAT2 TRANSCRIPT BY 5'
RACE INVITROGEN GENERACER KIT

The 5' end of the Cat 2 transcript was cloned and identified with
GeneRacer kit (Invitrogen) using gene-specific MaCat2 Race primer
(5"-GATAACATGCCGCGG ACTTGACA-3'). Total RNA from banana
fruits was first treated with calf intestinal phosphatase to
dephosphorylate the 5'-ends of any truncated mRNA. After the
synthesis of the first strand cDNA using the oligo- [dT] primer with
Superscript Il RNase H- reverse transcriptase, the 5'-end of the Cat 2
mRNA was amplified by PCR followed by nested PCR according to the
procedure described in the GeneRacer kit using Cat 2 gene specific
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by autoradiography at 24 °C for 1 h (HyperfilmtmECL,
Amersham/Bioscience).

3.3.6. DNA-BLOT ANALYSIS

Genomic DNA from banana plants was isolated from different tissue of
banana plants using the protocol described by Dellaporta (1983). DNA
was digested using BamH1 and EcoRl, and then run on a 1% agarose
gel and transferred to nylon membrane. The membrane was dried and
hybridized with a MaCat2 probe at 54 °C. Membranes were washed
according to protocol of Gene Images AlkPhos Direct Labeling and
Detection System (Amersham/Biosciences). The specific band for
MaCat 2 was visualized by autoradiography at 24 °C for 2 h
(HyperfilmtmECL, Amersham/Bioscience).

3.3.7. RT-PCR ANALYSIS OF DIFFERENTIALLY EXPRESSED
GENES.

To confirm differential expression of MaCat 2 gene we performed
semiquantitative RT-PCR using specific primers for the MaCat2 gene.
The MaCat2a and MaCat2b primer sequences 5'-
ATGGATCCTTACAAGTTCC -3’(forward) and 5°-
GATAACATGGGCCGGACTTGACA 3’(reverse), respectively. PCR
system (Master cycler eppendorf) was used to reverse transcribe and
amplify total RNA. Different PCR cycle numbers were tested for each
gene to ensure that the assay was in the linear range of amplification.
The housekeeping 18S gene was amplified from each sample to
normalize the level of each test gene; the primer sequence for the 18S
gene were: 5-CGGCTACCACATCCAAGGAA -3’ (forward); 18S, &5'-
GCTGGAATTACCGCGGCT-3’ (reverse). PCR products were run on a
2% agarose gel. Quantitation was carried out by digital analysis of band
intensity in the gel; QualityOne software (version 4.6.2.) contained in
the BioRAD Gel Documentation System (BioRAD).

3.4. RESULTS
3.4.1. FULL LENGTH SEQUENCE CDNA OF BANANA CATALASE 2

A fragment of a banana fruit catalase 2 was identified by differential
display in response to low temperatures (Caamal-Velazquez et al
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3.4.2. EFFECTS OF ABIOTIC STRESSES IN THE CAT2
EXPRESSION IN FRUITS AND BANANA PLANTS

The effect of the abiotic stresses on the MaCat2 expression was
compared in fruits and banana plants. We used Northern blotting assay
and semiquantitative PCR to investigate MaCat2 expression in banana
fruits. Banana fruits were exposed to 10 °C or 25 °C. We observed after
8 hours exposure to the low temperature treatment that different injury
symptoms begun to appear in the banana subepidermal tissues
revealing dark-brown streaks due to this stress (figure 3.4.2.1A).
Nucleic acid hybridization experiments suggest that MaCat2 transcript
accumulation increase dramatically in banana peel instead of banana
pulp at 10 °C (see figure 3.4.2.1B). Semiquantitative PCR corroborated
this result of the MaCat2 gene expression at 10 °C (see figure
3.4.2.1C). We detected a strong signal of the MaCat2 gene expression
in banana peel exposed at 10 °C and a lower signal when exposed at
25 °C. However, in the banana pulp the MaCat2 transcript accumulation
was drastically lower at 25 °C and almost not perceptible at 10 °C. We
observed that the MaCat2 transcript accumulation increase to
mechanical damage and but not to high temperature exposure (45 °C)
or during fruit maturation (see figure 3.4.2.1D). Likewise we observed
that MaCat2 transcript can be found in leaves but not in other banana
tissue (figure 3.4.2.2A). Semiquantitative PCR showed no changes in
the expression of MaCat2 in banana roots (figure 3.4.2.2B).
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Figure 3.4.4.1. Phylogenetic tree based on the amino acid sequences of 91 plant
catalases constructed by parsimony methods.
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expression of these catalases isozymes in maize has been described
(Scandalios et al.,, 1980; Chandle et al., 1984; Wadsworth et al., 1989;
acevedo and Scandalios 1990).The Cat2isozyme begins to accumulate
in the aleurone and scutella 20-22 days after postpollination. Upon
inhibition, levels of Cat2 increase, with the Cat2 accumulation profile
paralleling that of the glyoxysomes, the primary intracellular location of
this isozyme (Williamson and Scandalios, 1992). We observed that
MaCat2 transcript level increased when banana fruits were exposed to
low temperatures and mechanic damage, and not for high temperature
stress 0 maturation process. There are several studies which support
this result in plants. Prasat et al., (1994) and Willenkens et al., (1994a)
found that the catalase transcript level increased when maize seeds
and Nicotiana plumbaginifolia plants were exposed to low
temperatures, respectively. Also Sakajo et al., (1987) reported an
increment of the catalase mMRNA expression caused by wounding
sweet potato tuberous root tissue. In embryos and leaves of maize all
Cat genes expression were upregulated in response to wounding and
jasmonic acid (JA), raising the possibility that JA and wounding may
share a common signal transduction pathway in upregulating Cat
mRNA in immature embryos (Guan and Scandalios, 2000) . In addition
they found that Cat? and Cat3 transcript accumulation increased in
response to wounding in both wild-type and mutant leaves deficient in
abscisic acid (ABA), implying that Cat7 and Cat3 induction in response
to wounding is not mediated by ABA in the leaves. Our result indicate
that MaCat2 may be also participating in the signal transduction
cascade sense by low temperature and mechanic damage. We found
that Musa acuminate cv Grand nain contains at least two copy of the
MaCat2 gene. Many reports suggest that plant genomes has evolved
several catalase genes to satisfy the specific demands upon various
cellular processes (Esaka et al., 1997; Frugoli et al., 1996; Scandalios
et al., 1997; Willekens et al., 1994a; 1994b). In the case of other plants
different copy number of the same catalase genes has been identified
in castor bean (Ota et al., 1992), in tobacco (Havir and McHale, 1987),
in spinach (Galston et al., 1951), in maize (Williamson and Scandalios,
1992), in cotton (Ni et al., 1990) and in mustard (Drumm and Schopfer,
1974). The wide diversity of plant Cat sequences has led to some
discrepancies in the isozyme correlation in phylogenetic trees (luna et
al., 2005). In the case of banana MaCat2 and ZaCat2 have similar
sequences and belong to the same clade of the phylogenic tree.
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recovery after photoinactivation at low temperature would be in accord
with the hypothesis that repair processes are slower in a chilling-
sensitive plant, such as cucumber, than in a chilling-tolerant plant, such
as rye. Correspondingly, in rye leaves, periods of catalase deficiency
were short, as compared to cucumber, after cold exposures in light. In
addition, alternative antioxidants increased, H,0, did not accumulate,
and major photooxidative injury was not observed in rye (Volk and
Feierabend, 1989). Further elucidation may indicate whether bleaching
and photooxidative damage after cold exposures of cucumber leaves
are related to the prolonged decline in catalase. Cucumber is the only
plant for which an increase of the H,0, content has been described
after experimental catalase depletion (Omran, 1980).
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lentamente (horas), por lo cual s°u expresion es sostenida durante el
tiempo que la planta es expuesta al estrés, como ejemplos podemos
mencionar a los genes RD, COR, KIN y LT1; mientras que los genes
de respuesta temprana, a menudo su expresion es transitoria (como
ejemplos podemos mencionar a factores de trascripcion tales como
DREBs y CBF (Puebla y Del Viso, 2004).

En la actualidad existe una amplia gama de técnicas con las cuales se
puede estudiar la respuesta de los frutos sometidos a diferentes
estreses, entre estas técnicas podemos mencionar a los microarreglos
(microarrays), las bibliotecas sustractivas (Subtraction library), el
despliegue diferencial (Differential display), entre muchas otras; cada
una de estas técnicas nos permite estudiar la expresion génica
diferencial por lo cual son técnicas que nos permite identificar que
genes se encuentran involucrados en un proceso definido. En este
trabajo se utilizé el DD para estudiar el cambio en la expresién génica
en frutos de banano sometidos a baja temperatura, esta es una técnica
de exploracién, en el cual no se requiere de un conocimiento previo
para el estudio de la expresion génica, su costo es menor a otras
técnicas exploratorias y el tiempo necesario para realizarla es corto con
respecto a las demas tecnica exploratorias. Esta técnica de DD permite
simultaneamente identificar los genes que se encienden y se apagan
en respuesta a este estrés, por lo que decidimos utilizar el DD.

Utilizando el DD logramos recuperar 105 fragmentos que se encienden
0 aumentan su expresion a baja temperatura en frutos de banano cv
“‘Enano Gigante”; de los fragmentos antes mencionados podemos
resaltar al fragmento 20-1C el cual detectamos su expresiéon en la
cascara de banano (figura 2.4.3.2.). Este fragmento su secuencia
nucleotidica tuvo una homologia con una proteina asociada a la
maduracién (Clendennen and May, 1997). El andlisis bioinformatico
nos mostro que el fragmenté 20-1C posee un motivo de lectina. Este
tipo de genes se encuentran involucrados en diferentes cascadas de
sefalizaciéon, siendo moléculas receptoras a las que se les une
diferentes ligandos de naturaleza glucosidica (Gouget et al., 2006).
Evidencias experimentales sugieren que las lectinas participan en el
mecanismo de defensa de las plantas contra el ataque de
microorganismos (Saha et al.,, 2006), asi mismo se menciona son
responsables de la interaccién carbohidrato-proteina y se consideran

84






defensa, en respuesta a un estrés ambiental asi como en un estrés
oxidativo (Chelikani y Loewen, 2004). Utilizando la técnica de 5’'RACE
aislamos el gen completo que codifica para la MaCat 2. El MaCat 2
tuvo un tamano de 1476 pb (492 aa). El analisis bicinformatico nos
sefalo que el gen MaCat 2 posee dos dominios que son
caracteristicos de las catalasas tipo 2; los cuales son: un dominio de
hidroperoxidasa y un segundo dominio de unién al grupo Heme
(Chelikani et al., 2004, Kiotz et al., 1997).

Los experimentos de hibridacion de acidos nucleicos (Dot blotting y
Northern blot) sugieren que existe una expresion diferencial del gen
MaCat 2 en fruto de banano que fueron sometidos a una baja
temperatura y a un dafio mecanico (Figuras 2.4.3.1. y 2.4.3.2), pero no
a otro tipo de estrés y al proceso de maduracion. Esta expresion
diferencial del gen MaCat 2 también se presento en las hojas de
plantas de banano sometidas a 10 °C, y no a nivel de raices de
banano en respuesta a un descenso de temperatura (figura 3.4.2.2.).
Estudios a nivel molecular utilizando semillas de maiz, plantas de
Nicotiana plumbaginifolia y raices de camote sugieren que existen
catalasas cuya expresion a nivel de ftranscripto se modifica en
respuesta a un descenso de temperatura (Prasat et al, 1994,
Willenkens et al., 1994a; Sakajo et al., 1987), lo cual sustentan los
datos obtenidos en nuestro estudio, utilizando frutos de banano.

Diferentes estudios resaltan que existen varias copias de genes de
catalasas las cuales posiblemente estén participando en diferentes
tipos de estreses (Esaka et al., 1997; Frugoli ef al., 1996, Scandalios et
al., 1997; Willekens et al., 1994a; 1994b). Esta gran diversidad en las
secuencias de catalasas ha llevado a algunas discrepancias en
estudios filogenéticos realizados en diversos organismos (luna et al.,
2005). En el caso de MaCat2 se encontré que existe cierta similitud con
la catalasa de Zantedeschia aethiopica (Cat 2); localizandose ambas
secuencias en el mismo clado filogenético. En nuestro trabajo
encontramos que en frutos de Musa acuminata cv “Enano Gigante” se
encuentran dos copias del gen MaCat2. En otros estudios se ha
demostrado que el nimero de copias de catalasas puede variar de
acuerdo al organismos; entre estos podemos mencionar al Ricinus
communis el cual contiene dos isosimas (Ota et al., 1992), en tabaco
el cual contiene tres copias (Havir and McHale, 1987), en espinaca el
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